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Adaptive Mesh ReEnement

e Motivation:
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Adaptive Mesh ReEnement

e The trade-off;

1. Mathematically.

2. Computationally.
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Titanium Chombo

. Il BoxTools.

e BoxLayout, BoxedArray, BoxLayoutData;
e Layoutindex, Datalndexx, Layoutlterator, Datalterator;

e Copier, Util, LayoutReader.

. Il AMRTools.

e CoarseAverage, ConstantFinelnterp;

e LevelFluxRegister, QuadCFInterp.

. Il AMRElliptic.
e AMRSolver;

e LevelOp, PoissonOpx.

. L AMRTimeDependent.



Titanium Chombo

final local void ngRelax(int single a_|evel){
int single | =a_| evel;
int single i,j;

for (i=0;i<mnunSnoot hDown; i ++)
snoot h(ng_phi [I'], my_rhs[I], my_dx[I], mg_CFinterp[l],I);

if (I>1){
ng_phi [ | - 1] <<=0;

mg_phi [| - 1] . exchange() ; app! yHPhyBC( ng_phi [|-1],1-1);
ng_CFinterp[l].coarseFinelnterp(ng_phi[l]);

residual (ng_phi[l],mg rhs[I],my_dx[1],nmg RI]);
ng_Average[l].averageToCoarse(ng rhs[l-1], nmg RI]);

mgRel ax(1-1);

nmg_Ipwe[l].interpToFine(ng R I],nmg phi[l-1]);
mg_phi [I']+=mg_R[1];
mg_phi [1]. exchange() ; appl yHPhyBC(ng_phi[I],1);

for (i=0;i<mnunBnoot hUp; i ++)
smooth(mg_phi[I],m_rhs[1],mg _dx[l],mg_CFrinterp[l],!|);



The testing problem

e The equation:

Au =0 onU
U =0 InoU

where ©° = 1.

e The grid confguration (3D):

Level | # of Boxes | # of Points

0 1 32768

1 106 279552

2 1449 2944512







The pro£ling results on Seberg

e Overview (2.279; in seconds):

Titanium Chombo | C++/Fortran Chombo
Initialization 7.51 (7.81%) 16.31 (20.61%)
solveAMR 88.66 (92.19%) 62.82 (79.39%)
total 96.17 (100%) 79.13(100%)
# of iterations 6 6
gops (million) 9750 10010

e Residual (in max norm):

lteration | Titanium Chombo | C++/Fortran Chombo
0 6144 6144
1 0.272746 0.272751
2 0.253767 0.253812
3 0.009100 0.009215
4 0.000370 0.000358
5 5.09E-06 4.78E-06
6 2.08E-07 1.63e-07




The pro£ling results on Seberg

e Details (in seconds):

Operations in solveAMR | Titanium C++/Fortran
residual 6.65 (7.50% ) 11.75 (18.70% )
AMRVCycleMG 82.01 (92.50% ) | 50.41 (80.25%)

residual 8.04 (9.07%)

Update 3.11 (3.51%)

Average 0.34 (0.38%)

Ipwc 3.29 (3.71%)

mgRelax 64.63 (72.90% ) | 37.09 (59.04% )

Update 2.10 (2.37%)

Average 2.57 (2.90%)

lpwc 3.56 (4.02%)

Level GSRB 54.16 (61.09% ) | 33.43 (53.22% )
GSRB 18.12 (20.44%) | 11.85 (18.86%)
Exchange 25.15 (28.37%) | 15.56 (24.77%)
CFlInterp 10.47 (11.81%) | 5.37 (8.55%)
applyHPhyBC 0.00 (0.00% ) 0.64 (1.02%)

residual 0.91 (1.03%)

bottom solve 0.21 (0.24%)
total 88.66 (100% ) 62.82 (100% )




The pro£ling results on Seberg

e Details (in seconds):

Operation | Titanium C++/Fortran
Exchange | 30.77 (34.7%) | 18.77 (29.0%)
GSRB 18.12 (20.5%) | 11.85 (18.9%)
CFInterp 17.56 (19.8%)

Reoux 7.70 (8.7%) 13.80 (22.0%)
lpwc 6.85 (7.7%)

Average 2.91 (3.3%)

residual 2.33 (2.6%)

total 86.24 (97.2%) | 44.42 (70.71%)




The pro£ling results on Seaborg

e Overview (2.283; in seconds):

Titanium Chombo | C++/Fortran Chombo

Initialization 15.41 (6.55%) 61.00 (16.64%)
solveAMR 219.70 (93.45%) 305.33 (83.36%)
total 235.11 (100%) 366.53 (100%)
# of iterations 6 6
FP (million) 6874 8214
FMA (million) 1443 1713
total 8317(9760x) 9927

e Remember on Seberg:

Titanium Chombo

C++/Fortran Chombo

initialization 7.51 (7.81%) 16.31 (20.61%)
solveAMR 88.66 (92.19%) 62.82 (79.39%)
total 96.17 (100%) 79.13(100%)

aops (million)

9750

10010




The pro£ling results on Seaborg

e Details (in seconds):

Operations in solveAMR | Titanium C++/Fortran
residual 15.55 (7.08%) | 34.63 (11.33%)
AMRVCycleMG 204.2 (92.94%) | 269.60 (88.24% )

residual 19.77 (9.00%)

Update 7.10 (3.23%)

Average 0.73 (0.33%)

Ipwc 6.39 (2.91%)

mgRelax 164.6 (74.92%) | 217.04 (71.04% )

Update 4.61 (2.10%)

Average 3.87 (1.76%)

lpwc 6.05 (2.75% )

Level GSRB 145.1 (66.04% ) | 165.33 (54.11%)
GSRB 56.13 (25.55% ) | 106.94 (35.00% )
Exchange 60.91 (27.72%) | 27.18 (8.90% )
CFlInterp 27.63 (12.58%) | 26.96 (8.82% )
applyHPhyBC 0.00 (0.00% ) 4.07 (1.33% )

residual 2.11 (0.96%)

bottom solve 0.50 (0.23%)
total 219.7 (100% ) 305.5 (100% )




The pro£ling results on Seaborg

e Details (in seconds):

Operation | Titanium C++/Fortran
Exchange | 73.16 (33.30%) 32.69 (10.70%)
GSRB 56.13(25.55%) 106.94 (35.00%)
CFInterp 46.05 (20.96%)
Regux 18.60 (8.47%) 43.88 (14.36%)
lpwc 12.44 (5.66%)
Average 4.60 (2.09.%)
residual 4.15 (1.89%)

total 215.13 (97.92%) | 183.51 (60.06%)

e Remember on seberg:

Operation | Titanium C++/Fortran
Exchange | 30.77 (34.7%) | 18.77 (29.0%)
GSRB 18.12 (20.5%) | 11.85 (18.9%)
CFInterp 17.56 (19.8%)

Reoux 7.70 (8.7%) 13.80 (22.0%)
lpwc 6.85 (7.7%)

Average 2.91 (3.3%)

residual 2.33 (2.6%)

total 86.24 (97.2%) | 44.42 (70.71%)




The pro£ling results: summary

e Exchange is the most expensive operation in Titanium Chombo.

e Titanium Chombo has better performance portability.

Operations in solveAMR | Titanium (%) | C++/Fortran (%)
residual -0.42 -7.37
AMRVCycleMG 0.44 7.99
residual -0.07
Update -0.28
Average -0.05
[pwc -0.8
mgRelax 2.02 12.00
Update -0.27
Average -1.14
[pwc -1.27
Level GSRB 4.95 0.89
GSRB 5.11 16.14
Exchange -0.65 -15.87
CFInterp 0.77 0.27
applyHPhyBC 0.00 0.31
residual -0.07
pottom solve -0.01

e GSRB is the most platform-sensitive operation in C++/Fortran Chombo.



Performance improvement and portability

1. Current localCopy method:

public final inline local void | ocal Copy(
tenpl ate BoxedArray<T> | ocal from BA,
Rect Domai n<SPACE_DI M> from domai n) {

box=f rom domai n*t hi s. m_ domai n;
foreach (point in box)
this. marray[point]=fromBA marray[point];

}
2. An alternative using Titanium-array copy method:

public final inline I ocal void | ocal Copy(
t enpl at e BoxedArray<T> | ocal from BA,
Rect Domai n<SPACE_DI M> from donai n) {

this. marray. copy(
from BA. getLocal Array().restrict(fromdonain));



Performance improvement and portability

1. Exchange vs. Exchange()x (in seconds):

Operation | Seberg (2.279) | Seaborg (2.283)

Exchange 30.8 73.2

Exchangex 54.2 140.3

2. |Is the performance of Ti-array copy method portable?



Future work

1. Scalability study.

2. AMR in ocean modeling.



